Introduction
Hypertension and hypoalbuminemia (serum albumin levels below 3.8 g/dL) are well-known independent and common risk factors for cardiovascular complications in peritoneal dialysis (PD) patients and considered a major cause for morbidity and mortality in this population. [1] [2] [3] [4] The relationship between blood pressure and serum albumin levels remains unclear among hypoalbuminemic PD patients. A positive association between blood pressure and serum albumin levels was reported. [5] [6] [7] Lower blood pressure was also reported submit your manuscript | www.dovepress.com
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hassan and hassan in hypoalbuminemic patients with proteinuria compared to those with normal serum albumin. 8 Based on the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF-KDOQI) and European Best Practice Guidelines (EBPG), the recommended daily protein intake in PD should be 1.2-1.3 g/kg/day, to maintain serum albumin levels above 4.0 g/dL. However, a number of reports have shown that daily protein intake in this population is actually ,0.9-1.1 g/kg/day. [9] [10] [11] Factors affecting the development of hypoalbuminemia in PD patients include malnutrition, peritoneal protein loss, lack of appetite resulting from abdominal fullness or related to the absorption of glucose from the dialysate, slow emptying of the stomach, and chronic inflammation. 12 Although dietary supplements are frequently recommended for hypoalbuminemic dialysis patients, oral protein supplements are usually not tolerated, and distressing side effects have been shown to result in a high degree of noncompliance. 13, 14 Whey protein, which is a major component of bovine milk, is marketed as a food supplement. Whey protein is highly digestible and is absorbed rapidly. [15] [16] [17] It contains all the essential amino acids and bioactive peptides that mediate physiological processes such as lowering plasma cholesterol levels, antithrombotic activity, antibacterial and antiviral activities, and enhancing physiologic and anabolic stimulus to protein synthesis and muscle building and has also been reported to exert positive effects on carbohydrate metabolism. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Moreover, epidemiologic studies suggest associations of the consumption of milk and dairy products with a lower risk of metabolic and cardiovascular disorders due to bioactive components such as lactoferrin and glutamine. 25, 26 Side effects of whey protein usually consist of gastrointestinal complaints such as abdominal pain and swellings and are probably due to lactose intolerance. 28 Components of whey protein have been shown to mediate antihypertensive effects 29 and to inhibit the angiotensinconverting enzyme (ACE). [30] [31] [32] [33] Despite the wide use of various protein supplements in the general population and among dialysis patients, the effects of whey protein supplementation on blood pressure in PD patients remain to be determined. Thus, the aim of the present study was to examine if whey protein supplementation for 12 weeks to hypoalbuminemic PD patients affects their blood pressure.
Patients and methods study population
This prospective randomized pilot study included 36 stable patients on maintenance PD for a period of .12 months and with serum albumin levels ,3.8 g/dL. The Medical Ethics Committee of Galilee Medical Center, Nahariya, Israel approved the study protocol (Number: NHR-0019-15). All participants signed written informed consent for this study. Hospitalization, any evidence of infection including peritonitis, cardiovascular, and neurological events in the last 6 months prior to enrolment, as well as liver disorders, malignancies, and gastrointestinal diseases were considered exclusion criteria. Participants were randomized by computer to two groups, which were similar in their demographic, nutritional, and PD characteristics. Eighteen patients were instructed to consume 1.2 g/kg/day of protein and an additional whey protein supplement at a dose of 25% of the instructed daily protein (whey protein group). Eighteen patients were instructed to consume protein in the amount of 1.2 g/kg/day and an additional 25%, without whey protein supplementation (control group). An experienced dietitian counseled the patients in both groups regarding adjusting their daily protein intake and counseled the participants in the whey protein group regarding their whey protein dosage. Each participant in the whey protein group was given the opportunity to choose one of five flavors of the whey protein supplement: coffee, chocolate, banana, vanilla, or neutral (flavor free).
Whey protein powder supplement was consumed in two doses mixed with breakfast and evening meals. Participants were asked to record their consumption of daily protein intake. Patients in the whey protein group were also asked to record their consumption of whey protein as well as to keep empty sachets to monitor compliance. All participants in the whey protein group received the same whey protein supplied by the PD unit staff. The patients included in this group received a detailed explanation from the medical staff regarding possible side effects. The composition of the whey protein supplement is shown in Table 1 . All participants continued their PD prescription and antihypertensive therapy and 
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Whey protein and blood pressure in PD patients remained under strict dietary and nephrological follow-up to assess compliance and clinical status during the 12-week study period. Serum albumin levels, oncotic pressure, hydration status, mean arterial pressure (MAP), nutritional status, and plasma high-sensitivity C-reactive protein (hsCRP) levels were evaluated at the initiation of the study and after 12 weeks.
Determination of serum albumin levels
Serum albumin levels were determined by BCG according to the Aeroset chemical analyzer instructions (Abbott Laboratories, Abbott Park, IL, USA). The limit of detection for this assay is 0.3 g/dL.
Measurement of oncotic pressure
Oncotic pressure was measured in sera using a colloid osmometer (Wescor, Logan, UT, USA), which operates using a membrane with a cutoff of 30 kDa. Thus, the measured oncotic pressure relates only to proteins with a molecular mass .30 kDa.
assessment of hydration status
Hydration status was assessed by a whole-body bioimpedance spectroscopy technique using the Fresenius Medical Care Body Composition Monitor (BCM) device, Bad Homburg, Germany. 34 This method is considered to be a practical, safe, simple, reliable, accurate, and noninvasive technique for the assessment of fluid overload (FO). Regarding the differences in body size, the extracellular to intracellular water ratio (E/I ratio) was used as an independent and comparable indicator of hydration status.
Blood pressure measurement
MAP was evaluated using the Mobil-O-Graph device for 24-h ambulatory blood pressure monitoring (Industrielle Entwicklung Medizintechnik GmbH, D-52222 Stolberg, Germany).
assessment of nutritional status
Normalized protein equivalent of total nitrogen appearance (nPNA) was used to assess the nutritional status of all participants. nPNA was calculated by the Bergstrom formula (2): Dialysate urea losses (g/day) + For the calculation of urinary urea losses and dialysate urea losses, 24-h collections of urine and dialysate were performed.
statistical methods
Statistical Package for the Social Sciences (SPSS) version 21 (IBM Corporation, Armonk, NY, USA) software was used to perform the statistical analysis. Continuous variables are reported as means and standard deviations and categorical variables as percentages and frequencies. Continuous variables in the study groups were compared using the unpaired t-test. These variables included age, residual renal function (RRF), PD vintage, blood urea nitrogen (BUN), serum creatinine, urine output, Kt/v (a dimensionless index that measures the fractional urea clearance during dialysis:
, nPNA, hsCRP, serum calcium and phosphorus, hemoglobin, HbA1c, BMI, serum albumin, oncotic pressure, dialysate ultrafiltration, FO, the E/I ratio, and MAP. Categorical variables in the study groups were compared using Fisher's exact test. Such variables included gender, the presence of diabetes, PD modality, peritoneal membrane characteristics, primary renal diseases, and antihypertensive therapy. P,0.05 was considered to be significant.
Results
Age, gender, the presence of diabetes, serum albumin, HbA1c, BMI, RRF, daily urine output, daily dialysate ultrafiltration, PD modality, PD vintage, Kt/v, peritoneal membrane characteristics, primary renal disease, and antihypertensive medications were comparable between the study groups ( Table 2 ). All participants completed the 12-week study period, without hospitalization and without developing infections (including peritonitis), cardiovascular complications, neurological events, or liver function abnormalities. The mean daily dose of whey powder used in the whey protein group was 26.3±3.1 g/day.
Compared to the control group, in the whey protein group, serum albumin levels, oncotic pressure, and dialysate ultrafiltration significantly increased (3.55±0.14 to 4.08±0. 15 Figure 1A-C) .
FO, E/I ratio, and MAP significantly decreased (2.46±1.08 to 1.52±0. 33 Figure 1D-F) .
All participants had nPNA levels below the recommended target of 1.2 g/kg/day and elevated plasma hsCRP levels (.5 mg/dL) at the initiation of the study. Compared to the control group, in the whey protein group, nPNA, BUN, serum calcium, phosphorus, and hemoglobin levels significantly increased (0.968±0.073 to 1 (Table 3 ).
In the whey protein group, plasma hsCRP levels significantly decreased (12.53±2.70 to 10.19±2.17, P=0.007) and were lower than in the control group after 12 weeks (10.19±2.17 vs 13.16±1.70, P,0.001) ( Table 3) .
Serum creatinine, urine output, Kt/V, HbA1c, and BMI did not change significantly in either group (Table 3) .
In the whey protein group, 16.7% (3/18) reported a feeling of satiety and 11.1% (2/18) reported bloating. Decreasing the whey protein intake to 50% of the instructed dose led to prompt relief of complaints. In the control group, 5.6% (1/18) complained of flatulence.
Discussion
The main findings of the present study were the significant increase in serum albumin levels, oncotic pressure, and dialysate ultrafiltration, leading to significant improvement in hydration status and significant reduction in MAP in PD patients who received whey protein supplementation during a 12-week period, compared to a control group (Figure 1 ). 
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Whey protein and blood pressure in PD patients Figure 1 The effects in hypoalbuminemic peritoneal dialysis patients of 12 weeks of whey protein supplementation on serum albumin levels (A), oncotic pressure (B), dialysate ultrafiltration (C), fluid overload (D), the extracellular/intracellular water ratio (E), and mean arterial pressure (F) compared to a control group.
Small reductions in blood pressure of 2-5 mmHg may reduce mortality due to stroke and coronary heart disease. 36 Epidemiological and clinical studies have shown an inverse relationship between the incidence of stroke and the consumption of milk and milk products. 20, 26, 27, 37, 38 Generally, two distinct mechanisms may affect blood pressure in hypoalbuminemic patients. 26, 37, 38 First, in those with normal renal function and normal renal excretion of sodium and water, low serum albumin decreases oncotic pressure, reduces blood volume, and stimulates the rennin-angiotensin-aldosterone system; this results in renal sodium and water retention and vasoconstriction. The second mechanism is relevant to hypoalbuminemic PD patients with extremely low RRF. In this population, impaired renal sodium and water excretion leads to the development of overhydration and hypertension.
Although a rise in serum albumin levels and oncotic pressure may be accompanied by an elevation in blood pressure, in this study, blood pressure decreased significantly among hypoalbuminemic PD patients who received whey protein. Two mechanisms may be involved in the reduction in blood pressure in this population. First, the significant increase in serum albumin levels and oncotic pressure in the whey protein group enhances movement of excess extracellular fluid, as is reflected by the significant reduction in the E/I ratio, into the intravascular compartment. This leads to better peritoneal clearance of excess fluid and lowering of the FO and blood pressure. Second, the renin-angiotensin system is well recognized for its role as a regulator of blood pressure. Previous studies showed that milk proteins can inhibit ACE activity. [31] [32] [33] [34] [39] [40] [41] Numerous whey protein-derived peptides, known as lactokinins, acting as ACE inhibitors, have been identified. [31] [32] [33] [34] 42 Clinical trials in hypertensive animals and humans showed that whey protein-derived lactokinins can induce a significant reduction in blood pressure. 31, 33, 34, 43 Our findings in hypoalbuminemic PD patients concur with several studies that demonstrated a blood pressure lowering effect of whey protein in other human populations. 33, 37, [40] [41] [42] 44, 45 Among overweight-obese individuals, whey protein supplementation for 12 weeks showed a significant decrease in systolic and diastolic blood pressure. 37 Moreover, normal daily use for 21 weeks of fermented milk containing bioactive peptides was shown to have a blood pressure-lowering effect in hypertensive subjects. 40 The intake of fermented milk enriched with whey proteins was shown to lower blood pressure after 8 weeks in healthy men. 41 However, another study found that daily consumption of 125 mL of a milk drink, supplemented with whey peptides (2.6 g), did not reduce blood pressure in mildly hypertensive subjects. 38 The authors of that study suggested that a higher dose of whey 
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Whey protein and blood pressure in PD patients proteins may be required to exert a measurable biological effect in humans. The physiologic effects of whey protein may be mediated by certain whey protein-derived peptides or amino acids or by synergistic actions between them.
The usual dietary phosphorus intake in nonuremic individuals is 1.0-1.8 g/day. In dialysis patients, phosphorus intake should be restricted to 0.6-1.2 g/day. Adequate phosphorus restriction is often difficult to achieve, without unduly restricting protein intake. Consequently, almost all PD patients require the use of phosphorus binders to prevent the development of hyperphosphatemia. The mean daily dose of whey powder consumed by the whey protein group was 26.3±3.1 g/day, which contains 91.8 mg/day phosphorus. All participants continued their PD prescriptions, antihypertensive therapy, and other regular medications during the 12-week study period. The higher serum phosphorus levels in the whey protein group may be related to the higher absorption rate and to the higher digestibility of whey protein; 46 this was reflected by the higher nPNA and serum phosphorus levels in the whey protein group. Therefore, serum phosphorus levels should be monitored in PD patients who receive whey protein supplementation, and phosphorus-binder dosages should be adjusted accordingly, to prevent an increase in serum phosphorus levels.
As 100 g of whey powder contains 75 g whey protein, and since the mean daily dose of whey powder used in the whey protein group was 26.3±3.1 g/day, participants in the whey protein group received, in addition to their daily regular protein diet, about 19.7 g whey protein daily. Although, overall, the whey protein and control groups consumed comparable quantities of proteins, the increase in nPNA was lower in the control group than in the whey protein group. We presume that this is due to the composition of whey protein, including a higher content of essential amino acids, as well as to its high digestibility, and rapid absorption compared to the regular protein consumed by the control group participants. 46 In addition, several studies, including a meta-analysis of nine randomized controlled trials, showed that whey protein has anti-inflammatory activities, increases synthesis of the antioxidant glutathione, and decreases plasma cytokine and CRP levels. [47] [48] [49] [50] [51] [52] [53] [54] Moreover, CRP levels in this context were found to be inversely correlated with nutritional markers. 55 Congruent with these results, in the current study, plasma hsCRP levels decreased and nPNA increased among those who consumed the whey protein supplementation, but not among the patients in the control group. This suggests that by excreting favorable effects on systemic inflammation in hypoalbuminemic PD patients, whey protein improves nutritional status. The reason that such effects were not observed in the control group may be related to the differences in the composition, digestibility, and absorption rates between regular protein and whey protein. 46 This is the first report of the beneficial effects of whey protein supplementation on oncotic pressure, hydration status, and blood pressure in PD patients with hypoalbuminemia. In light of these favorable effects, together with the lack of significant side effects, whey protein supplementation may be considered an additional dietary component in hypoalbuminemic PD patients. Future studies are needed to examine the effect of whey proteins on various hypertensive populations.
Limitations
The present study was carried out in one center and included a relatively small number of patients. Although the findings provide useful information that can contribute to the management of hypoalbuminemic PD patients, further studies are needed to verify whether such intervention can reduce the higher risk of mortality in this population.
Conclusion
Whey protein supplementation for 12 weeks decreased MAP in hypoalbuminemic PD patients. Whey protein supplementation may be considered as a dietary component in the management of this population.
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